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APPENDIX 6

EDCAMPLES OF COMPUTER-CAICULATND SPECTRAL ENERGY DENSITIES

OF TEST SIGNAL9

Part 2

Spectral energy density (calculated by a computer) of the ideal
filtered N-wave si~ iatures used in the subjective test .
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APPENDIX 6

: EXAMPLES OF COMPTIIIER-CALCULATED SPECTRAL ENERGY DENSITIES

OF TEST SIGNALS

~ 

Part 3(a)

~ Spectral energy density ( calculated by a computer) of the recorded
~ booth resp onses to ideal “blast ” signatures used in the subjective

~ 
teat .

& 8 blast t Q2ms ,0 ’25ms , M~ I 
__________________

~ 
~~~~~~~~~~~~ 
I ~~~~~~~~~ ~} 

I 

~~ 
[1 

J

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1~ 1~iH ~ I I’ I $

~~~~~~~I HI
. V ~~~~~~~~~~~~~~~~ V

.
~~~~

.
I 

j : ~
I i~H~~ ~~~~~~~~~~

~ : ~ 

~~~~~~ 

~~E i J ~I~~1 H ~~~~ 

~ 
t~ ~ 

~LI 

I 
I j  I t !  I 

I I  
I

f I

I 

IIH

I I I

I I 1 _ _ _ _  _ _ _ _

4 V V ~~~~~ V~~~~~+ 
-

I 
I I

I I ~~~I HI IJ I I l l I r l I l l I l l  I i I ~~~ I I I H
______________________ I ~~~~~~ V I -  I V

0 1000 2000 3000 4000 (Hz] ~

blast V.O2ms , 0~5Oms , M~~2

0 

T~ 
‘ ‘ 1 

~~ 
I~~5 ~~ 5 I 

~ 1
l0

~~~ I 
~ I I~~~~~~~ i~~~ I ~ J I  ~~~~~~~~~~~~

I I~ i’~~~ 
I

V I I  I 
V V : ft  ~~ V~ V~ V VI 1 

1 
I I F 

V

— ~~~~~~~~~ I 
- - -: V V - I I : 

V 
V 

I 
V V - .

—30 I ~

V

~
1VV

~ I I f
I I - ,

V 

- I 
________

1 
- 
_ _ _

- , 0 /000 2000 3000 4000 INt l



V ~~~~~~~ 
~~~~ ~~~~~~~~~ 

. —

1• ae~J b f os t  v.oIe ,,Is , O l0Om, ,M~ 4

01 V ~ ~ ~ -

—l 0~ ! ~

~°~~ I ~ ~ 

I

- -3 
~~~~~ ~ 

V
V V V I ~ ~ V V

I ~ VV I ~~~ V I V
I ~~: I;I ~ ~ 

I ~ V V

-40 ~ 
V : . V • V V  V ~ 

V f V

I : :~~~~~~~: _ ~ I ~ 
I I

~~~~V ~~V :) ~ ~~~ V

I 
V V V V V V V V V V V V V  ! 

VV

:
V V V V  _~~~~~ _ V _ V

V 

~ ~ 
~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

60

0 /000 2000 3000 4000 (Hz)

~ a., r.Qa .,5 0.2 0 0 w . , M 8  
—

I i  I— f 4 l I I I ~~ I I 1 1 1 1 1 1 1 1 1

I I

go 
- — 

I 

I 

I 

I ~~~~

— V V I V _ I I V V I I  F1_~~~
_ _ _

V V V ~~~ II~~~
_I

V I f I V V I I I I t ~ II rf ij

X I I
I I I  

~

I

J 

~~~ 

~~~~~~~~~~

________ ____ 
_
~

_
~

_j 
_______________

I j :~j i~ 

~~ 
-

60 f V V V ~ 
_ _ _ _ _ _ _ _ _ _ _ _

o - 500 ‘00 0 1500 .2000 (H ~J ‘

• 0-400’,~. • 
U.l~

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f~1U
V4~ I LI i I 0

V 
~~• i il I ! 4

V L ~~~~~~. 
___

a ~0 ) 
J ~i 1~E i~1I0 100 ~~~ io~o~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MI

APP~z~nxDc 6 - Part 3(b)

V 

-



V ~~~~~~~~~ V
~~~~

V_ 
__

~
VV_ V V V ~V V VV~ V

- 

APPENDIX 7
2 PAE IS R~~T quiI~ITY P CflGA~~CO)~~~ ER PROGRAW 

~~~~ ~O P~Q .~~~~~~
Part 1

Listing of the FFJ~ Fortran program ( IBM 360) calculating decibel valuesof one-third octave band, pressure levels using the Johnson-Robinson
method [2) . Program reads input data (signatures stored in digital formby the HP 2100 ca~~uter with A/D converter) from a magnetic tape, calculatesFourier transform using a standard ~7I~ subprogram and c~~~utes energy inone-third octave bands - These energies are converted into pressure levels
(using the Johnson-Robinson scheme) and, printed as output data.

C FFT
I OIME9 S ION 0I11921,AC 1409 61.IW 4UAI
2 019190109 0134 $ .11)31
I IIITI GOI•2 111 9000$
A COASION /* 1/11
9 CONPIVIX GM N.AC
A (OU I VAIV ( 9C 1 I A C I I I , A I $ l l
7 DATA 0 , 4 . 4.5 .4 . 7.0 . I .9 . l l . 2 . I 4 . 1 . 1 7. l . 2 2 . . Z S .Z . ) 5 . ) . 4 4 . 7 . 3 0 . 2 .

920 ,0.99.  1.112.0. 141.0. 17I . 0 . 4 .O .2 1 2 .0 .D ) 3 . 0 .4 4 7 . 0 562 .0.701.) .
.9,1,0.1121 .0.14J ) .0 . 1771 .0. 39 . 0.0001 . 0.3341.A.4467.0 3023 . Q .
•70 79. 0.$91) . 0 /

• 07.0 
V9 RIAOI9.I) lAST

ID I FORM A TIIAI
i i  2 ~0(*AT 19141
12 3 0099*01007,01
II 100 IFIOT ..#RTI j000.100l.1000
IA 1000 ,‘IADIO .21I991.9P .NPI.L&
ID  51*019.31 TT.T.TII
IA RIAD I3.6IP
17 6 0059*7109.4,
II 9X.TT/T
19
20 AY .I?IXI?XI

21 99.0
22 CALL 510011120.9000.I491.ICODI I
2) IFIIC001.10.—1I GO TO 999
24
23 00 131 1.1,90
29 AL .AL~ A 0
07 NY.*L
OS I l l  *111 .111939
29 CALL FOTSIA .G0N.9Y .IAOI
DO N0•9772
01 ,.1000. 0 /170 .YI
*0 00 210 2.2.90 

V31 210 A l I l . I C A U I A C I I  I1 90 . O * 0— I O P /1047 .01 092
04 A I N X * 1 I ~~I CA S$I04#IA0.03( .3AP ~ 2O 47. 0I ~~A2
DI DO 900 4.1.33
IA NS.0IkI~P
37 90L•M*1
IS N1.OII*1l#P
39 91L 900l
40 7S .AINILI. IAI#SL.II—AINSLII.l0l1l/0 .FLOA TINSII
41 Y(~A IN(LI0IAI9tL ~ lI’AI91IVlI 9lO Ik,1I/0 ’0L0A TI9(II
42 1P191001191 .91,30
4) 31 IIIII .IOIII.1I.OI,ll.lYS.YII/2 .0
44 GO TO AOO
49 30 9.94.1
44 ( lk l . l0LO * TlPSI .P ’0 lAI IA lYS.A ~ NS$.. l I l /2.0
47 34 9.90 1
45 0X.FLO AT IM)00

— 10100 011 11112.D).64
30 92 1 l4) .1 lKI •P4IA IM• I I •* IU l l /2 .D
01 *0 70 94
92 31 1I%I.(l4I•0~ I4IMI ~ A IM•llII2.0 I.I) *0 70 *90
99 94 34Kj.~J3J.~o,3I.LI .rLQATINgl .0l.lV(.A~N1I.lII2,Q
14 000 CC#T!NUI -

“ “~~~ ‘ V35 W5ITElA .7 141. I I9 I
90 7 pO*942112.5112 .’ ’ .0l.2II
61 70 C ONTINUI V
62 703 kT .k ?.1
51 00 70 100
64 100* C0N?lNll(
AS 993 0705
6$ (NO

67 00550917191 l(AOIIIIUNIT.L19,IIIC.ICOOI)
60 I9?I019~ 3 11190001
69 COAS9OII/41#I1
70 IC000.0
71
72 l5IN9tC~ 290 .91. L1N~ GO TO 399
71 61.136 IW~I I
74 N$(p.99(C.1195C011
79 tO (90*9 .50. 01 GO TO I
76 00 9 1.1.9649
77 S1A0’IUNIT.lO).INO”Sl DUJS’Y
75 IA ) POSN A TIAIP
79 9 C0#TINU(
SO I CONTINIJI
II 12.1
52 IL’290
62 00 30 ll.3.N6tC
IA (**OIIUNIT,I01,IND 99 S I I I I I I I , 1 11.ILI
5* 101 ‘OIMATIOAOA2I
AS l I~~lL~ 1
57 IL IL’2D0 VSI IA CONTINVI
5I 5171159

C 0 0 F 3 1 * O S
90 *95 CONTINUI
*1 5911516 .I02 (IUNIT
92 *02 9016*71’ (90 00 OILI OIl 90It ’ .I9I
94 IC000.01
96 5111159

INCOSSICT LINOII T 15*0*
99 930 CO Nt INUA
95 151T114.1901L(9
9? 100 9056*11’ INVALID I.INIIIT. ’ .IlO. NOT A INILTIOLL 00 290 1
II IC000 1
99 1(11159

200 190
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0001 AIMB iRiBoL - 0060 JSB .IOC. 1.1CC
0002 S TAPE CONTROLLER 0061 OCT 20107
0003 HAM DAAAD 0062 JMP 6—2
0004 ENT DAAAD iBAAAE ,DAAA FoBAAAH 0063 DEF H+l~~I0005 ENT BAAA I,DAAAJ ,BAAAKi.DAAAL 0064 Hi HOP -0006 EXT .ENTRt.IOC . 0065 JSB •IOC. WAIT FOR COMPLETION
0007 * FORWARD SPACE 1 FILE C FSF ) 0066 OCT 30007
0008 BAAAD NOP 0067 854
0009 152 BAAAD 0068 JMP 1—3 -
0010 JSB .IOC, FSF 0069 AND MASK
0011 OCT 32007 0070 SZA
0012 JMP *-2 0071 HIT 553
0013 JSB •XOC. WAIT FOR COMPLETION 0072 JNP . BAAAH,I
0014 OCT 30007 0073 MASK -OCT ~V

V 377
0015 SSA 0074 S FORWARD SPACE 1 RECORD (FSR
0016 JMP *‘-3 0075 BAAA I HOP
0017 JMP BAAAD .I 0076 152 BAAAI
0018 * BINARY TAPE READ C RRF ) 0077 JSB .IQC . FSR
0019 E 855 2 0078 OCT 30307
0020 BAAAE HOP - 0079 JMP 1—2
0021 J8B •ENTR 0080 J8B .IOC. WAIT FOR COMPLETION
0022 DEF E 0081 OCT 3Q007
0023 IDA EsI 0082 584
0024 STA El 0083 JMP 1—3
0025 J83 •IOC. RRF V 0084 JMP BAAA I ,I
0026 OCT 10107 0085 * WRITE END OF FILE CEOF)
0027 JNP 8—2 0086 BAAAJ HOP
0028 DEF E+1,I 0087 ISZ BAAAJ
0029 El HOP 0088 JSB •IOC. EOF
0030 JSB .ZOC. WAIT FOR COMPLETION 0089 OCT 30107
0031 OCT 30007 0090 .JMP 8-2
0032 884 0091 JS3 .IOC . WA IT FOR COMPLETION
0033 JMP ~~3 0092 OCT 30007
0034 AND MASK 0093 8SA
0035 SZA 0094 JMP 5—3
0036 HIT 66B 0095 JMP BAAAJ .I
0037 J#IP DAME, 1 0096 * BACK SPACE ONE RECORD C BSR )
0038 * REWIND TAPE C REW 0097 BAAAK HOP
0039 F OCT 100 0098 ISZ BAAAK
0040 DAAAF HOP 0099 JSB •IOC . BSR
0041 ISZ BAAAF 0100 OCT 30207
0042 JSB •IOC. REId 0101 JMP 1—2
0043 OCT 30407 0102 .153 .IOC. WAIT FOR COMPLETION
0044 JMP 5—2 0103 OCT 30007
0045 JSB •IOC . WAIT TIL TAPE STQP8 THEN 0104 884
0046 OCT 30007 SENSE DOT 0105 JMP 5—3
0047 994 0106 .HlP BA #AK ,I
0048 JMP 3—3 0107 * BACK SPACE 1 FILE (3SF )
0049 AND F 0108 BAAAL HOP
0050 SZA,RSS 0109 ISZ 34441
0051 .HlP DAAAF+2 0110 J9B .IOC. BSF
0092 .HlP D*AAF ,I  0111 OCT 32107
0053 * PINARY TAPE WRITE C 11CC ) 0112 JMP 6—2
0054 H BBS 2 0113 JSB •IOC . WAIT FOR COMPLETION
0055 BMAH HOP 0114 OCT 30007
0056 J83 .ENTR 0115 SSA
0057 DEF 14 0116 .HlP 5-3
0058 18* 14,1 0117 JNP 3*441,!
0059 5Th Hi 0118 END
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JOHNSON AND ROB I~~0N WJ~H0D FOR CALCULL4Tfl~ L0~)I~SS OF IMPULSIVE SOUNDS:

STEP-BY-STKP COMPU2ER PROCNDURE

1. The measured impulsive sounds recorded on an FM tape recorder are converted
to digital form by an A/D converter and. stored in a magnetic tape storage
(HP 2100A) . The frequency of samplixig is f 5 = 20 kHz . The ma~d.mum amplitude
is scaled to ± 20~47 discrete points .

2. The Fast Fourier subroutine ccmputes the ccm~ iex discrete values of Fourier
components for k = 0, 1, •.., N-i defined as:

xi~=~~
xn e x p [_ i 2r 1 (1)

where

x
n

= x (n ./:
~
it)

x(fk,T)
Xk

k k k

T = total duration of sample

= sampling time

N = n~~~er of discrete points in sample

= L~f , frequency separation in frequency domain

3. The energy in 1/3 octave bands is calculate~ by suninirlg up all, discrete• values of the energy spectral densi ty Ixk . ~t I multiplied by the frequency
separation &I 2’ir . ~f: -

B
~~_ V ~~I: JXk~~~ t J ’ L ~

d (2)

k-A
where A and B are discrete ii~~ts of a 1/3 octave band .
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4. The effective 1/3 octave band pressure levels are ccm~ uted from band
energies:

L = 10 1Og]~ 2 (3) Vp 
Pref~~~tc

where

~ref = 0.0002 ~ibar

- original Johnson-Robinson procedure

T .

T / - generalized Johnson-Robinson procedure
1 - c  e c

Te - effective duration of the signal.

T - critical time

5. In the case of somic booms with duration > 100 ma the front and rear shocks
are normally heard separately (“b ang-bang”). For this circumstance Johnson and
Robinson reduce the pressure levels in 1/3 octave bands by 3 dB:

L = L ~~_ 3 d B  (4)

This correction is restricted to sonic booms, or double impulses of similar
duration. -

‘

- L
6. Levels in bands below 50 Hz are reduced to levels at this frequency (i.e.,
50 Hz) which produce the same effect (same loudness in phons); equal loudness V
curves are used, e .g., ISO Rec~~~ ndation R226 (27). These weighted levels are
then cce~ined with that already existing in the 50 Hz band, using normal rules
of decibel. addition.

7. The resulting i~ dified effective pressure levels in 1/3 octave bands are
used for evaluating the subjective loudness. The standard loudness calculation

V procedure by Stevens (Iso Reco~~ 1nation R532 (30)) was used in the present work.
The loudness in Sons (St) is converted to loudness level in phons (P) by the
equation ‘

P l +0 + l0 log2 S~ (5)  
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(A) “Low-boom” sonic boom: T = 1 in.s, D = 150 as, D1 = 30 as, x = 0.8
(B) N-wave: ,- = 1 ms, D = 150 as
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